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(57) Abstract 



This invention concern* heterocyclic derivative* of formula (I) which arc useful in inhibiting oxido-sauatenc cvclasc n m r«..c 
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HETEROCYCLIC COMPOUNDS USEFUL AS OXIDO-SQUALENE CYCLASE INHIBITORS 



This invention concerns heterocyclic derivatives which are useful in inhibiting oxido- 
squalene cyclase, processes for their preparation and pharmaceutical compositions containing 
5 them. The present invention is also concerned with heterocyclic derivatives capable of 
inhibiting cholesterol biosynthesis and hence in Wcrin B cholesterol levels in blood plasma. 
The present invention also relates to methods of using such heterocyclic derivatives in 
diseases and medical conditions such as hypercholesterolemia and atherosclerosis. 

There is evidence that high serum cholesterol levels are an important risk factor in 
1 0 coronary heart disease and associated diseases such « atherosclerosis and ischaemlc heart 
disease. As a result there has been a great deal of interest in finding ways of lowering 
Cholesterol levels in blood plasma. Although! it has been possible to obtain some reduction 
by means of diet, only modest reductions have been obtained by controlling the dietary intake 
of cholesterol Consequently, there is a need for therapeutic approaches to reducing 
15 cholesterol levels. 

Several different classes of compounds have been reported to possess the ability to 
lower cholesterol levels in blood plasma. For example agents which inhibit the enzyme 
HMGCoA reductase, which is essential for the production of cholesterol, have been reported 
to reduce levels of serum cholesterol. Illustrative of this class of compounds in the HMGCoA 

20 reductase inhibitor known as lovastatin which is disclosed in US Patent No 4,23 1,938. Other 
agents which are reported to lower serum cholesterol include those which act by complexing 
with bile acids in the intestinal system. This results in a lowering of the levels of bile acid 
circulating in the cnteroheptatic system and promotes replacement of bile acids by synthesis 
in the liver from cholesterol. In turn this results in an upreguiation of the hepatic LDL 

25 cholesterol receptor and in a lowering of circulating blood cholesterol levels. 

The biosynthesis of cholesterol is a complex process which will be considered here as 
three principal stages, namely 1) the conversion of acetic acid to mevalonic acid 2) the 
conversion of mevalonic acid to squalene and 3) the conversion of squalcne to cholesterol. In 
the last stage, squalene is first converted into 2,3-oxido-squalene and then to lanosterol. 
30 Lanosterol is then converted to cholesterol through a number of enzymatic steps. 



2 - 



The conversion of 2,3-oxido-squalene to lanosterol is a key step in the biosynthesis of 
cholesterol. This conversion is catalysed by the enzyme oxido-squalene cyclase. It Follows 
that inhibition of this enzyme decreases the amount of lanosterol available for conversion to 
cholesterol. Consequently, inhibition of oxido-squaicne cyclase should interupt cholesterol 
5 biosynthesis and give rise to a lowering of cholesterol levels in blood plasma. 

The present invention is based on the discovery that certain heterocyclic derivatives 
are inhibitors of oxido-squalenc cyclase and a T e hence useful in treating diseases and medical • 
conditions in which inhibition of oxido-squalene cyclase is desirable. 

According to the present invention there is provided compounds of formula I (set out 
1 0 hereinafter together with the other formulae referred to herein in a separate sheet following the 
Examples), or a pharmaceutically-acceptable salt thereof, wherein: 
G is selected from CH and N; 

T, is selected from N and CR, wherein R may be hydrogen, (MC)alkyl, (2-4C)alkenyl and 
(2-4C)alkynyl, (preferably R is hydrogen); 
15 R, is hydrogen, amino, halogcno, cyano, nitre, carboxy, (l-6C)alkanoyl, (l-6C)alkyl, 
(l-6C)alkoxy, N-(l-6C)alkylamino, N^J-di-[(l-6C)aIkyl]amino, (1 -oQalkylthio, 
(l-6C)alkylsuiphinyl and (l-6C)a1kylsulphonyi; 
m is 1 or 2; 

A is selected from (1 -4C)alkylcne, carbonyl or (1 -4Qalkylcarbonyl, (preferably A is (J- 
20 4C)alkylcarbonyl or carbonyl): 
T 2 is selected from CH and N; 

T 3 is selected from N and CR, wherein R is as defined above, (preferably R is hydrogen); 

provided that when T 2 is CH then T 3 is not CR and when T, is CR then T 3 is not CR; 

a and b are independently selected from 2 and 3; 
25 c and d are independently selected from 3 and 2; 

wherein the ring containing T, and the ring containing T 2 may, independently, be optionally 
substituted by one or more substituents selected from (l-6C)alkyl, (1-6C)alkoxy, phenyl(l- 
4C)alkyl, halogeno and (1 -6C)alkoxycarbonyl; 

X is selected from oxy, thio, sulphinyl, sulphonyl, carbonyl, carbonylamino, N-(l- 
30 6C)alkylcarbonylamino J sulphonylaraino, methylene, (l-4C)alkymethylene and di-(l- 
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6C)alkylmethylenc, and when T, is CH, X may also be selected from aminosulphonyl and < 
oxycarbonyl; 

Q is selected from (5-7C)cycloalkyl, a heterocyclic moiety containing up to 4 
heteroatoms selected from nitrogen, oxygen and sulphur; phenyl, naphthyl, phenyl(l-4C)alkyl 
5 and phcnyl(2-6C)alkenyl, and wherein the last three groups may optionally bear a phenyl 
substituent; 

and wherein Q may be unsubstituted or may bear one or more substituents selected from 
halogeno, hydroxy, amino, nitro.. cyano, carboxy, carbamoyl, (l-6C)alkyl, (2-6C)alkenyl, (2- 
6C)alkynyl, (l-6C)alkoxy, (3-6C)cycloalkyl, (3-6C)cycloalkyl(]-4C)alkyl, (1- 
1 0 4C)alkylenedioxy, Cl-6C)alkylamino, di-[(l-6C)alkyl)arnino, N-( 1 -6C)alkylcarbamoyl, di-N- 
[(l-6C)alkyl]carbamoyl, (I-6C)alkanoylamino, (l-6C)a!koxycarbonyl, (l-6C)alkyIthio, (1- 
6C)alkylsulphinyl, (1 -eQalkylsuIphonvl, halogeno(l-<5C)alkyl, (l-6C)alkanoyl, tetrazolyl and 
a heteroaryl group comprising a 5- or 6- membered monocyclic ring containing up to three 
heteroatoms selected from nitrogen, oxygen and sulphur. 

1 5 The compounds of the present invention are oxido-squalene cyclase inhibitors and 

hence possess the property of inhibiting cholesterol biosynthesis. There is provided as a 
feature of the invention a compound of formula I, or a pharmaceutical ly-acceptable salt 
thereof, for use as a medicament. Accordingly, there is also provided the use of a compound 
of formula 1, or a pharmaceutical ly acceptable salt thereof, for the manufacture of a 

20 medicament for inhibiting cholesterol biosynthesis. Thus the compounds of the present 
invention will be useful in treating diseases or medical conditions in which an inhibition of 
oxido-squalene cyclase is desirable, for example those in which a lowering of the level of 
cholesterol in blood plasma is desirable. In particular, the compounds of the present invention 
will be useful in treating hypercholesterolemia and/or ischaemic diseases associated with 

25 atheromatous vascular degeneration such as atherosclerosis. As inhibitors of cholesterol 
biosynthesis, the compounds of the present invention will also be useful in treating fungal 
infections. 

Thus according to a further feature of the present invention there is provided a method 
of inhibiting oxido-squalene cyclase in a warm-blooded animal (such as man) requiring such 
30 treatment, which method comprises adminstering to said animal an effective amount of a 
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compound of formula L or a pharmaccutically-acceptabie salt thereof. In particular, the 
present invention provides a method of inhibiting cholesterol biosynthesis, and more 
particularly to a method of treating hypercholesterolemia and atheromatous vascular 
degeneration (such us atherosclerosis). 

5 Thus the present invention also provides the use of a compound of formula 1, or a 

pharmaccutically-acceptabie salt thereof, for the manufacture of a medicament for treating 
diseases or medical conditions in which a lowering of the level of cholesterol in blood plasma 
is desirable (such a 5 hypercholesterolemia and atherosclerosis). 

In particular, the compounds of the present invention are potentially useful in 
1 0 inhibiting cholesterol biosynthesis in man and hence in treating the above-mentioned medical 
conditions in man. 

It will be understood that when compounds of formula I contain a chiral centre, they 
may exist in, and be isolated in, optically active or racemic form. The invention includes any 
optically active or racemic form of a compound of formula I which possesses the beneficial 
1 5 pharmacological effect of inhibiting oxido-squalene cyclase. The synthesis of optically active 
forma may be carried out by standard techniques of organic chemistry well known in the art, 
for example by, resolution of a racemic form., by synthesis from optically active starting 
materials or by asymmetric synthesis. It will be appreciated that certain compounds of 
formula I may exist as geometrical isomers. The invention includes any geometrical isomer 
20 of a compound of formula I which possesses the beneficial pharmacological effect of 
inhibiting oxido-squalene cyclase. 

It will also be understood that certain compounds of the present invention may exist in 
solvated. for example hydratcd, as well as unsolvated forma. It is to be understood that the 
present invention encompasses all such solvated forms which possess the property of 
25 inhibiting oxido-squalene cyclase. 

It is also to be understood thai generic terms such as "alky!" include both the straight 
chain and branched chain groups such as butyl and tcrt-butyl. However, when a specific term 
such as "butyl" is used, it is specific for the straight chain or "normal" butyl group, branched 
chain isomers such as "tcrt-butyl" being referred to specifically when intended. 



A particular value for A when it is (MQalkylene is, for example, methylene, 
ethylene, trimethylene or tetramethylene, preferably methylene. 

A particular value for X when it is a N-(l-4Qalkylcarbonylamino group is, for 
example, N-methylcarbonylamino or N-ethylcarbonylamino; when it is (1 -4C)alkylmethylene 
5 is, for example, ethane- 1,1-diy] or propane- 1,1-diy I; and when it is di-(]-4C)alkylmethylene 
is, for example, propanc-2,2-diyl. h is also to be understood that when X is a carbonylamino 
or U-0 -4C)alkylcarbonylamino group, it is the carbonyl group therein which is attached to - 
T 2 . Likewise when X is a sulphonylamino group it is the sulphonyl group therein which is 
attached to T, whereas, when X is an am inosulphonyl group, the sulphonyl group therein is 
10 attached to Q. 

A particular value for Q when it is naphthy] is, for example, 1-naphthyl or 2-naphtbyl. 
A particular value for Q when it is phenylalkyl is, for example, phenyl(l-2C)alkyl, 
such as benzyl, 2-phenylethyl or 1 -pheny ethyl . 

A particular value for Q when it is phenylalkenyl is, for example, pheny 1(2- 
15 4C)alkenyl such as styry!, cinnamyl or 3-phenylprop-2-enyl. 

A particular value for Q when it is a heterocyclic moiety is a 5^ or 6-membered 
heterocyclic moiety, which is a single ring or is fused to one or two benzo rings, such as fury], 
benzofuranyl, tetrahydrofuryl, chromanyl, thienyl, benzothienyl, pyridyl, piperidino, quinolyl, 
1,2,3,4-tetmhydroqumolinyl, isoquinolyl, 1,2,3,4-tetrahydroisoquinolinyl, pyrazinyl, 
20 pipera^nyl, pyrimidinyl. pyridazinyl, quinoxalinyl, quinazolinyl, cinnoliny), pyrxolyl, 
pyrrolidinyl, indolyl, indolinyl, imidasolyl, bcnzimidazolyl, pyrazolyl, indazolyl, oxazolyl, 
bcnzoxazolyl, isoxazolyl, thiazolyl, benzothiazolyl, isothiazolyl, morpholino^ 
4H-l,4-benzoxazinyl, 4ii-l,4-benzothiazinyl, 1,2,3-triawlyl, 1,2,4-tri^zoIyl, o^diazolyl, 
furazanyl, thiadiazolyl, tetrazolyl, dibenzofuranyl and dibenzothienyl, which may be attached 
25 to X through any available position including, for an appropriate X gmup such as carbonyl 
and methylene, through any available nitrogen atom. 

A particularly preferred value for Q when it is heterocyclic moiety is a 5- or 6- 
membered monocyclic heteroaryl ring such as furyl, thienyl, pyridyl, pyrazinyl, pyrimidinyl, 
pyridazinyl, pyrrolyl, pyrazolyl, oxazolyl, isoxazolyl, thiazolyl, isothiazolyl, 1,2,3-triazolyl, 
30 1 ,2,4-triazolyl, oxadiazolyl, furazanyl and thiadiazolyl which may be attached to X through 
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any available position including, for an appropriate X group such as carbonyl and methylene, 
through any available nitrogen atom. 

A particular value for Q when it is cycloalkyl is, for example, cycJopentyl and 
cyclohexyl. 

5 Particular values for R , include, for example, 
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for halogeno; 
for alkyl; 

for aJkoxy; 

for alkoxycarbonyl; 



for halogeno alkyl 



15 



20 for alkanoyl; 



chloro, bromo, iodo or fluoro; 

(l-4C)alkyl, such as methyl, ethyl, propyl, iso-propyj, butyl, 
iso-butyi, sec-butyl or tert-butyl; 

methoxy, ethoxy, propoxy, isopropoxy, butoxy, pentoxy or 
3-methyJbutoxy; 

(1 -4 C)alkoxy carbonyl, such as, methoxycarbonyl, 
ethoxycarbonyl, propoxycarbonyl, iso-propoxycarbonyl, 
butoxy carbonyl or tert-butoxy carbonyl; 
halogeno(l-4C)alkyl such as halogenoalkyl containing one, 
two or three halo groups selected from fluoro, chloro, bromo 
and iodo and an alkyl group selected from methyl, ethyj, 
propyl, iso-propyl, butyl, iso-butyl and sec-butyl, thus 
particular values will include trifluoromethyl, difluoromethyl 
and fluoromethyl; 

formylj acetyl, propionyl and butyryl. 



Particular values for optional substituents on the ring containing T, include, for 
example, 

for alkyl; (l-4C)aIkyl such as methyl, ethyl, propyl, iso-propyK butyl, 

25 iso-butyl, sec-butyl or tcrt-butyl; 

for alkenyl; (2-4C)alkenyI, such as ally], prop-l-eny], 

2-methyl-2-propenyl or 2-butenyl; 
for alkynyl; (2-4C)alky.nyl, such as prop-2-ynyl or but-2-ynyi. 

30 Particular values for optional substituents on the ring containing T 2 include, for 

example, 



for alkyl; 
for alkoxy; 

5 forpbenylalkyl; 

for halogeno; 

for alkoxycarbonyl; 

10 

Particular values 
example, 

for alkyl; 

15 for cycloalkyl 

for cycloalkylalkyl 

for alkenyl; 

20 for alkynyl; 
for alkoxy; 

for alkylamino; 
25 for di-alkylamino; 
for alkylcarbamoyl; 

30 for di-alkylcarbamoyl; 



(l-4C)alkyl such as methyl, ethyl, propyl, iso-propyl, butyj. 
iso-butyi, sec-butyl or tert-butyl; 

(l-4C)a!koxy such as methoxy, ethoxy, propoxy, iso-propoxy 
or butoxy; 

phenyl (l^2C)alkyl such as benzyl, 2-phenylethyl or 1 - 
phenylethyl 

fluoro, chloro, bromo or iodo 

methoxycarbonyl, ethoxycarbonyl, iso-propoxycarbonyl or 
butyoxycarbonyJ; 

e 

for optional substituents which may be present on Q include, for 

(l-4C)aIkyI, such as methyl, ethyl, propyl, iso-propyl, butyl 
iSO-butyi, sec-butyl or tcrt-butyl; 

cycJopropyl, cyclobutyl or cyclopentyl; 
(3-6C)cycloalkyI(l-2C)alkyl such as cyclopropylrnethyl, 
cyclopropylethyl, cyclobutylmethyl or cyclopentylmethyl; 
(2-4C)alkenyl, such as allyl. prop-l-enyl 
2-methyl-2-propenyj or 2-butenyJ; 
(2-4C)alkynyl, such as prop-2-ynyl or but-2-ynyl; 
(l-6C)alkoxy, such as methoxy, ethoxy, propoxy, iso- 
propoxy, butoxy, pentoxy or 3-methylbutoxy; 
(MC)alkyJatnino, such as methyJamino, ethylamino, 
propylamino or butylaniino; 

di-[(l-4C)alkyl]amino such as dimelhylamino, diethylamino, 
methylpropylamino or dipropylamino, 
()-4C)alkyicarbamoyl such as N-methylcarbarnoyl, N- 

ethylcarbamoyl, N-propylcarbamoyl, N-butylcarbamoyl orN- 

tcrt-butylcarbanioyl or (N-(2-methylpropyl)carbamoyl; 

di-[(l-4C)alkyl]carbarnoyl, N,N-dimethylcarbamoyl or N,N- 

dielhylcarbamoyl; for 
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alkoxycarbonyl ; 



for alkylthio; 



for alkylsulphinyl; 



for alkylsulphonyl; 



for halogeno; 
for halogenoalkyl; 



15 



20 



for alkanoylamino; 



for alkylenedioxy; 
for alkanoyl; 



(!-4C)a!koxycarbamoyi such as mcthoxycarbonyl, 
ethoxycarbonyl, propoxycarbonyj, iso-propoxycarbonyl, 
butyoxycarbonyl or tert-butoxycarbonyl; 
(l-4C)alkylthio such as methylthio, ethylthio, propylthio, iso- 
propylthio or butylthio; 

(l-4C)alkylsul P hinyl such as methylsulphinyl, ethylsulphiny], 

propylsulphinyl, iso-propylsulphirtyl or butylsulphinyl; 

(l-4C)alkylsulphonyl such as methylsulphonyl, 

ethylsulphonyl, propyl sulphonyl, iso-propylsulphonyl or 

butylsulphonyl; 

fluoro, chloro, bromo or iodo; 

halogeno(I-4C)alkyl such as halogenoalkyl containing one, 
two or three halo groups selected from fluoro, chloro, bromo 
and iodo and an alkyl group selected from methyl, ethyl, 
propyl, iso-propyl, butyl, iso-butyl and sec-butyl, thus 
particular values will include trifluromethyl, difluoromethyl 
and fluoromethyl; 

(t-4C)alkanoylamino such as formamido, acetamido, 
propionamido, isopropionamido, butyramido and iso- 
butyramido; 

methylcnedio7cy or ethylenedioxy; 

(1 -4C)aIkanoyl such as formyl, acetyl, propionyl or butyryl. 



In general, it is preferred that R, is hydro e en, amino, (l-6C)alkyl, (l-<5C)alko X y 5 N-(l- 
25 6C)alk y Jamino, N,N-di[(1-6C)alkyl]a m ino, (l-6C)aIkylthio, (1 -6C)alkyl S ul P hinyl and (,- 
6C)alkylsulphonyl. 

In general, it is preferred that X is methylene, thio, carbonyl or sulphonyl. 
In general, the heterocyclic rings containing T.and T 2 will be unsubstituted or bear one 
or two substituents selected from those hereinbefore defined. 
30 m general, Q will be unsubstituted or will bear one, two or three (preferably one or 

two) substituents selected from those hereinbefore defined. 



In general, it is preferred that A is carbonyl. 
In general, it is preferred that a=b=c=d=2. 

In general it is preferred that when T 2 is N, X is selected from methylene, carbonyl and 
sulphonyl; when T, is CH, X is selected from thio and carbonyl. 
5 In general it is preferred that Q is phenyl, naphthyl or phenyI(2-6C)alkenyl (such as 

styryl) or a heteroaryl group as herein before defined ( 3 uch as thicnyl). 
A value of X of particular interest is sulphonyl. 

Specific values for optional substituents on the ring containing T 2 include, for example 
(l-6C)alkyl (such as methyl) and (l-6C)alkoxycarbonyl (such as methoxycarbonyl or 
1 0 ethoxycarbonyl). 

Specific values for optional substituents for Q include, for example, halogeno (such as 
fluoro, cbloro, bromo or iodo), (l-6C)a!koxy (such as methoxy or ethoxy), (l-6C)alkyl (such 
as methyl, iso-propyl or t-butyl), halogeno(l-6C)alkyl (such as trifluoromethyl), di-[(I- 
4C)alkyl]amino (such as dimetbylamino), nitro, cyano, (K6C)alkyl (such as methyl, ethyl, 
1 5 propyl or butyl), (l-6C)alkanoylamwo (such as acetylamino) and pyridyl. 

Specifc values for a, b, c and d include, for example, a=2, b=2, c=2 and d=2 or a=2, 
b=3,c=2 and d=2. 

Specific values for R, include, for example, hydrogen , amino, (l-6C)alkyl (such as 
methyl and halogeno (such as chloro). 
20 Specific values for Q-X- include, for example. phenyl-CH r , phenyl-CO-, 

phenyl-SO ; , phenyl-S. naphthyt-CH 2 -, napthyl-CO-, naphthyl-SO,-, naphthyl-S- and styryl- 
S0 3 -. Further specific values include thienyl-SGy 

Values pf Q-X- of particular interest include, for example, phenyl-S0 2 -, 
phenyl-CH=CHS0 2 -. naphthyl-S-, benzyl- and napthyl-S0 2 -; wherein the phenyl or naphthyl 
25 moiety may be unsubsrituted or may optionally bear one or more (preferably one or two) 
substituents selected from those hereinbefore defined. 

In a particular embodiment, the heterocyclic rings containing T t and T, are 
unsubstituted. 

Particular embodiments of the present invention include the folowing in which G, a, b, 
30 c, d, R„ m, T,, T 2 , T 3 , A, X-and Q may take any of the values mentioned above unless stated 
otherwise: 
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(i) G is CH; 

(ii) a, b, c and d are each 2; 

(iii) G is CH or N, T, is CH, T 2 and T 3 are N; 

Civ) G is CH or N, T, is CH, T a and T 3 are N, X is oxy, thio, sulphinyl or sulphonyl; 
5 (v) G is CH or N, T, is CH, T 3 and T, are N, X is carbonyl, carbonylamino or 
sulphonylamino; 

(vi) G is CH or N, T, is CH, T, and T 3 are N, X is methylene, (l-4C) a !kym C thylcne or di-(l- 
6C)alkyImethylene; 

(vii) G is CH or N, T, is CH, T 3 and T, are N, X is sulphonyl; 

1 0 (viii) G is CH or K T, is CH, T 3 and T, are N. X is sulphonyl. Q is phenyl; 

(viv) G is CH or N, T, is CH, T 2 and T 3 are N, X is sulphonyl, Q is heteroaryl; or 
(ix) G is CH or N, T, is CH, T 3 and T 3 are N, X is sulphonyl Q is naphthyl; 

Compounds of particular interest include, for example, those in which X is sulphonyl, 
A is a direct bond, a=b=c=d-2, R, and m are as hereinbefore defined and T,, T 2 . T 3 and Q ' 

15 are as defined in any one of the following group 

(i) T, is CH, T 2 is CH; T 3 is N and Q is phenyl; 

(ii) T, is CH, T 2 is CH; T 3 is N and Q is phenyl(2-6)alkenyl such as styryl; 

(iii) T, is CH, T 2 is CH, T 3 is N and Q is naphthyl; 

(iv) T, is N, T 2 is N, T 3 i s N and Q is phenyl; 

20 (v) T , is N, T 2 is N, T 3 is N and Q is pheoyl(Z-6C)alkcnyl such as Styryl; or 
(vi) T, is N, T 2 i 5 N, T 3 i 3 N and Q is naphthyl; 

and in each of the above Q an d the rings contain T, and T 2 are optionally substituted as 
hereinbefore defined. 

In a further group of preferred compounds are compounds of formula la wherein O is 
25 CH or N (preferably CH), T, is CH, T 3 is N, A is carbonyl or (l-4C)alk y len e (preferably a 
direct bond), X is selected from methylene, thio, carbonyl and sulphonyl (preferably 
sulphonyl) and Q is selected from phenyl and ph e nyl<2-6C)alkenyl: and wherein the rings 
containing T, and T 3 are each independently unsubstituted or bear one or two substitucnts 
selected from those hereinbefore defined and Q is phenyl which is unsubstituted or bears one 
30 or two substituents independently selected from those hereinbefore defined. 



In a further group of compounds of formula la G is CH (preferably CH), T, is N or 
CH, A i 3 carbonyl, T, is N, X is methylene, carbonyl or sulphonyl (preferably sulphonyl) and 
Q is naphthyl which may be unsubstituted or may optionally bear one or two substituents 
selected from those hereinbefore defined. 
5 In a further group of compounds of formula la G is CH or N (preferably CH), T, is N 

or CH (preferably CH), A is carbonyl, T, is CH, X is tliio or carbonyl and Q i s phenyl or 
naphthyl; which may be unsubstitutcd or may bear one or two substituents selected from those 
hereinbefore defined. 

in a further group of compounds of formula la G is CH or N (preferably CH), T, is 
10 CH, T 2 is CH or N (preferably N), A is carbonyl, Q-X- is selected from phenyl-SO,-. 
phenyl-CH=CHSO r , napthyl-S-, benzyl- and napthyl-SO r ; 

wherein the phenyl or naphthyl moiety may be unsubstituted or may optionally bear one or 
more (preferably one or two) substituents selected from those hereinbefore defined; and the 
heterocyclic rings containing T, and T 2 are unsubstituted. 
15 In a further group of compounds of formula la G is N or CH (preferably CH), T, is 

CH, A is carbonyl or (l-2C)alkylene (preferably a direct bond), T 2 is N, X is methylene! thio. 
carbonyl or sulphonyl (preferably sulphonyl); and Q is selected from phenyl or naphthyl 
which may be unsubstituted or may bear one or more substituents selected from haJogeno, 
hydroxy, amino, nitro, cyano, carboxy, carbamoyl, <l-6C)alkyl, (2-6C)alkcnyl, (2-6C)alkynyl. 
20 (l-6C)alkoxy. (3-6C)cycloalkyl., (3-6C)eycloalkyl(l-4C)alkyj, (1 -4C)alkylenediox y> (1- 
6C)alkylamino.di^(l-6C)alkyl)amino,N-(1.6C)alkylcarbamoyl, di-N[(l- 
6C)alkyl]carbamoyl, (l-6C)alkanoylami no , (l-6C)aJkoxycarbonyl, (l-6C)alkylthio, (1- 
6C)alkyl S ulphinyl, (l-6C)alkylsulphonyl. halo g eno(l-6C) a lkyl, (i- 6 C)alkanoyl and' tctrazolyi; 
and the heterocyclic rings containing T, and T 3 are unsubstituted. 
25 In a specific embodiment G is CII, a=b=c=d=2, the rings containing T, a „d T 2 are 

unsubstituted, A is carbonyl, X is sulphonyl, Q is an optionally substituted (as hereinbefore 
defmed) phenyl, naphthyl, phcnyl(2-6C)alkenyi or a 5- or 6-membered heteroaryl moiety. In 
the above, Q is preferably unsubstituted or substituted by one or two halogen groups. 

Compounds of special interest include those described in the accompanying examples 
30 and their pharmaceutical ly acceptable salts and are hence provided as a further feature of the 
present invention. 
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The compounds of formula I and la and their pharmaccutically acceptable salts may be 
prepared by processes known to be applicable to the preparation of structurally related 
compounds. These procedures are illustrated by the following representative processes in 
which the various groups and radicals such as m, Ri, a, b, c, d, G, T„ A, T 2 , T 3 ,X and Q are as 
5 hereinbefore defined (unless stated otherwise), and are provided as a further feature of the 
present invention. 

(a) When T, is N and A is carbonyl or alkyWbonyl, reacting a compound of formula II. 
or a reactive derivative of the carboxylic acid group, with an amine of formula III. 

A suitable reactive derivative of an acid of formula II is, for example, an acyl halide 
10 such as an acyl chloride formed by the reaction of the acid with an inorganic acid chloride 
such as thionyj chloride. Further suitable reactive derivatives include a mixed anhydride such 
as an anhydride formed by the reaction of the acid with a chloroformate such as isobutyl 
chloroformate; an active ester such as an ester formed by the reaction of the acid and a phenol 
such as pentafluorophcnol, an ester such as pentafluorophenyl trifluoroacetate or an alcohol 
J 5 such as N-hydroxybenzotriazole or N-hydroxysuccinimide; an acylazide, for example an azide 
formed by the reaction of the acid and an azide as dephenylphosphoryl azide; an acyl cyanide, 
for example a cyanide formed by the reaction of an acid and a cyanide such as 
diethylphosphoryl cyanide; or the product of the reaction of the acid and a carbodiimide such 
as N,N'-dicyclohexyJcarbodiimide or N-(3-dimethylaminopropyl)-N'-ethyl carbodiimide. 
20 The reaction is conveniently carried out in the presence of a suitable base such as, for 

example, an alkali or alkaline earth metal carbonate, alkoxide, hydroxide or hydride, for 
example sodium carbonate, potassium carbonate, sodium ethoxide, potassium butoxide, 
sodium hydroxide, potassium hydroxide, sodium hydride or potassium hydride, or an 
organomctallic base such as aJkyl-Iithlum, for exampic n-butyl-lithium, Or ft dialkylamino- 
25 lithum, for example lithium di-isopropylamide, or, for example, an organic amine base such 
as, for example, pyridine, 2,6-lutidine, collidine, 4-dimethylamino P yridinc, tricthylamine, 
morpholinc or diazabicyclor5.4.0]undcc-7-ene. The reaction is also preferably carried out in a 
suitable inert solvent or diluent, for example methylene chloride, chloroform, carbon 
tetrachloride, tetrahydrofuran, 1,2-dimethoxyethane, N,N-dimethyIformamide, N,N- 
30 dimethylacetamide, N-methylpyrrolidin-2-one, dimethylsulphoxide or acetone, and at a 
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temperature in the range, for example, -78° to 1 50*C, conveniently at or near ambient 
temperature. 

A suitable protecting group for an amino or alkylamino group is, for example, an acyl 
group, for example an alkanoyl group such as acetyl, an alkoxycarbonyl group, for example a 
5 methoxycarbonyl, ethoxycarbonyl or tert-butoxycarbonyl group, an arylmethoxycarbonyi 
group, for example benzyl oxycar bony I, or an aroyl group, for example benzoyl. The 
deprotection conditions for the above protecting groups necessarily vary with the choice of 
protecting group. Thus, for example, an acyl group such as an alkanoyl or alkoxycarbonyl 
group or an aroyl group may be removed for example, by hydrolysis with a suitable base such 
10 as an alkali metal hydroxide, for example lithium or sodium hydroxide. Alternatively an acyl 
group such as a tert-butoxycarbonyl group may be removed, for example, by treatment with a 
suitable acid as hydrochloric, sulphuric or phosphoric acid or trifluoroacetic acid and an 
arylmethoxycarbonyi group such as a benzyloxycarbonyl group may be removed, for 
example, by hydrogenation over a catalyst such as palladium-on-carbon, or by treatment with 
1 5 a Lewis acid for example boron tris(trifluoroacetate). A suitable alternative protecting group 
for a primary amino group is, for example, a phthaloyl group which may be removed by 
treatment with an alkylamine, for example dimethylaminopropylamine, or with hydrazine. 

A suitable protecting group for a hydroxy group is, for example, an acyl group, for 
example an alkanoyl group such as acetyl, an aroyl group, for example benzoyl, or. an 
20 arylmethyl group, for example benzyl. The deprotection conditions for the above protecting 
groups will necessarily vary with the choice of protecting group. Thus, for example, an acyl 
group such as an alkanoyl or an aroyl group may be removed, for example, by hydrolysis with 
a suitable base such as an alkali metal hydroxide, for example lithium or sodium hydroxide. 
Alternatively an arylmethyl group such as a benzyl group may be removed, for example, by 
25 hydrogenation over a catalyst such as palladium-on-carbon. 

A suitable protecting group for a carboxy group is, for example, an esterifying group, 
for exampje a methyl or an ethyl group which may be removed, for example, by hydrolysis 
with a base such as sodium hydroxide, or for example a tert-butyl group which may be 
removed, for example, by treatment with an acid, for example an organic acid such as 
30 trifluoroacetic acid, or for example a benzyl group which may be removed, for example, by 
hydrogenation over a catalyst such as palladium-on-carbon. 
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The compound, of formuh, !, where T, is CH may be prepared as shown in Scheme 
. M and where T, L, N as shown i„ Scheme ,(„) . n. Mler oblamed may ^ ^ ^ 

Ac acd a„d ten convened to a reactive derivative such as the acyl chloride using standard 

methodology. 

5 (b) For the preparation of compounds of formula I in which T, is N, reacting an amine of 
formula IV, with a compound of formula Z-X-Q in which 2 is a displaceablc group 

The reaction will, in general, be conveniently carried out in the prC5cncc of a suilabJc . 
base. Suitable bases arc those mentioned in (a) above. 

A suitable value for the displaceable group Z is. for example, a halogeno or 

10 sulphonyl group, for cample a fluoro, chloro, bromo. mesyloxy or 4-to, y l S ul P hon y ,o xy 
group. * 

The reaction is conveniently performed in a suitable inert solvent or diluent as defined 
herembefore and at a temperature in the range, for example, 0- ,o 1 sot convenient a, or 
near ambient temperature. 
' 5 (c) For the preparation of a impound of formula I in which T, is N, and wherein A is a 
carbonyl. reacting a compound of formula V with an acid of formula VIII or a reactive 
derivative thereof. 

The reaction will, in general, be carried out in the presence of a suitable base as 
mentioned in (a) above. 

20 ^'^ ti °" i ' performed in, suiutWe inert solvent or di^cn. as defined 

herembefore ^ u . KmperWure in ^ ^ f ^ ^ ^ j ^ ^ ^ 

near ambient temperature. 

«0 For the preparat.on of a compound offer™!. , in which A is p ^ 
compound of form u ,a I wherein A is carbon,,, to produ « . of ^ , ^ ^ 

A is methylene, or wherein A is (1 -3C)aIkvlcarnonvl t« 

whicnAis^QaMene. * *n™i. . in 

Suitable agents to effect the reduction include borane complexes, such as borane 
dtmethylsulphidc, and complex metal hydrides, such as aluminium tthhm, hydride The 
react.on w„h. in general, be conveniently carried out in a suitable inert solvent, such as 
30 tetrahydrofuran or diethylethcr. and at a temperature range of from 0 to 25'C 



n 
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The starting materials referred to in the above processes may be prepared by chemical 
routes well known to those skilled in the art. 

Compounds of formula V may be prepared by standard methodologies such as shown 
in Scheme 1(b). 

S Compounds of formula V in which G is CH may be prepared by reduction of the 

corresponding bipyridyl derivative using, for example, hydrogen in the presence of a catalyst 
such as a precious metal catalyst and under pressure. Typically, a catalyst of platinum oxide . 
(Adams catalyst) may be used and a pressure of 10 to 200 atmospheres. A solvent is usually 
employed such is an aqueous mineral acid (for example, 2M hydrochloric acid). 
1 0 Alternatively, and preferably, compounds of formula V in which G is CH may be 

prepared by reduction of the corresponding bipyridyl derivative using hydrogen in the 
presence of a rhodium catalyst in a non-acidic aqueous solvent at a pressure of around 10 
atmospheres 

As mentioned above, it will be appreciated that in some of the reactions mentioned 
15 herein it may be necessary/desirable to protect any sensitive groups in the compounds. The 
instances where protection is necessary or desirable and suitable methods for protection are 
known to those skilled in the art. Thus, if reactants include groups such as amino, carboxy or 
hydroxy it may be desirable to protect the group in some of the reactions mentioned herein. 
Suitable protecting groups are mentioned under (a) above. The protecting groups may be 
20 removed at any convenient stage in the synthesis using conventional techniques well known 
in the chemical art. 

h will also be appreciated that certain of the various optional substituents in the 
compounds of the present invention may be introduced' by standard aromatic substitution 
reactions or eenerated by conventional functional group modifications either prior to or 

25 immediately following the processes mentioned above, and as such are included in the process 
aspect of the invention. Such reactions and modifications include, for example, introduction 
of a substituent by means of an aromatic substitution reaction, reduction of substituents. 
allkylation of substituents and oxidation of substituents. The reagents and reaction conditions 
for such procedures are well known in the chemical art. Particular examples of aromatic 

30 substitution reactions include the introduction of a nitro group using concentrated nitric acid, 
the introduction of an acyl group using, for example, an acylhalide and Lewis acid (such as 



aluminium trichloride) under Friedel Crafts conditions; the introduction of an alkyl group 
using an alkyl halide and Lewis acid (such as aluminium trichloride) under Ficdel Crafts 
conditions; and the introduction of a haiogeno group. Particular examples of modifications 
include the reduction of a nitro group to an amino group by for example, catalytic 
5 hydrogenation with a nickel catalyst or treatment with iron in the presence of hydrochloric 

acid with heating; oxidation of alkylthio to alkykulphinyl or alkylsulphonyl. 

When a pharmaceutically-acceptable salt of a compound of the formula I or J a is 
required, it may be obtained, for example, by reaction of .aid compound with the appropriate 
acid (which affords a physiologically acceptable anion), or with the appropriate base (which 
0 affords a physiologically acceptable cation), or by any other conventional salt formation 
procedure. 

When an optically active form of a compound of the formula I is required, it may be 
obtained, for example, by carrying out one of the aforesaid procedures using an optically 
active starting material or by resolution of a racemic form of said compound using a 

> conventional procedure. 

The beneficial pharmacological properties of the compounds of the present invention 
may be demonstrated using one or more of the following techniques. 
( a ) vitro test to measure i nhibition of oxido-soualene cyclase 

This test measures the inhibition of microsomal oxido-squalene cyclase in vitro by 
compounds at set concentrations in the incubation medium. 

Microsomes are prepared from rat liver according to methods known in the art, for 
example, the method described in published European Patent Application No 324,421 and 

stored in liquid nitrogen prior to a SSa y. Assay vial, are kept nt 37°C throughout the 
incubation. The microsomes typically co «t»in 15-20m B of protein per ml of microaomcs. For 
assay, 1ml of microsomes are diluted by the addition of 722p.l of 50mM phosphate buffer „ H 
7.4. P 

Phosphate buffered Tween 80 (polyoxycthylene sorbitan monolaurate) is prepared by 
adding O.lg tween 80 to 100ml of 50mM phosphate buffer. 

A stock solution of oxido-squalene is made up as a solution in cthanol (0.65mg. 



ml/1). 18ul of radio-labelled oxido-squalene (l^Ci.ml'i) is evaporated to dryness under a 
stream of nitrogen and redissolvcd in Jml of ethanoJ and 1ml of the stock solution of oxido- 
squalene is added. 

The test compound is dissolved in dimethyl sulphoxide to give a lO^M stock solution. 
5 Dilutions are made from the stock to give 10 } M, 10*M etc. 

Phosphate buffered Tween 80 (2Su.l) is placed in 5ml disposable plastic vials and 4ul 
of the solution of the test compound is added and mixed well. An aliquot of the oxido- 
squalene mix (15^1) is added and the vials pre-incubated for 10 minutes at 37«C. A portion 
of the microsomes (14.6ul) are then added and incubated for a further 1 hour. The reaction is 
1 0 stopped by the addition of 3 1 5ul of a mixture of 1 6% KOH in 20% ethanol. 

The samples are then placed in a water bath at 80*C for 2 hours to saponify. At the 
end of this process water (630ul) is added followed by hexane (5ml). The samples are tumble 
mixed for 5 minutes and then centrifuged . The hexane phase is removed and evaporated 
under nitrogen. The samples are then reconstituted in 300ul of a 80:20 mixture of a 
1 5 acctonitrilerisopropyl alcohol. The samples are then cbrbmatographed using a Hichrom 
30DsSl column with an isocratic elution using a 95:5 mixture of acetonitrile.isopropyl 
_ alcohol and a flow rate of 1 ml.rmV,. The output from the UV detector is connected to a radio- 
chemical detector to visualise radiolabeled sterols. Reaction rate is measured as the 
conversion of oxido-squalene to lanostcrol, and the effects of test compounds are expressed as 

20 Oil inhibition of this process. 

By way of example, the compound described in Example 2 gave about 94% inhibition 
of rat microsomal oxido-squalene cyclosc at a concentration of 0.1p.M. 

®) In vivo test to measure inhihiMn n of oxidn-squalene cvcla^ 

25 Tile ability of a compound to inhibit oxido-squalene cyclase an d/or inhibit cholesterol 

biosynthesis may be assessed by a routine laboratory procedure carried out in the rat. The test 
involves administration of the compound to rats on a reversed lighting regimen. Female rats 
(35-55g) are housed in reverse lighting conditions (red light from 0200h-1400h) for a period 
of about 2 weeks prior to test. Animals are allowed free access to chow and drinking water 

30 throughout this period. At test, animals should weigh 100-1 40g. The rats are dosed orally 
with the compound (typically 1 0-50mg/kg) formulated in apolyethylene 
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glycol/hydroxypropylmethy] cellulose mix. After 1 hour the rats are given triturated sodium 
rnevalonate (lS^Ci/kg) intraperitoneally. Two hours after administration of the compound 
the rats are terminated and a piece of liver removed and weighed. The tissue is saponified at 
80°C for 2 hours in an ethanolic/potassium hydroxide solution (80% w/v aqueous KOH 
5 diluted 1:10 with ethanol). -Water (2ml) is added and the mixture extracted with iso-hexane (2 

x 5rnl). The organic extracts arc combined, evaporated to dryness under a stream of nitrogen 
and the residue is dissolved in a mixture of acetonitrilc/iao-propanol (300pl). An aliquot 
(200^1) of this solution is loaded onto a HPLC column to separate the sterols. The radio-label 
content of each fraction is assessed using a radio chemical flow detector. Inhibitors of oxido 
0 squalenc cyclase are classed as those compounds which caused a build up of substrate and a 
concomitant disappearance of cholesterol and its precursors. ED 50 values are generated in the 
usual manner. 

By way of example., the compound described in Example 2 below gave about 85% 
inhibition of rat cholesterol biosynthesis when dosed at 2mg/kg. 
5 No overt toxicity was detected when compounds of formula I were adminstered at 

several multiples of their minimum inhibitory dose or concentration. 

The compounds of the present invention will be useful in treating diseases or medical 
conditions in which an inhibition of choleserol biosynthesis or lowering of cholesterol levels 
in blood plasma is desirable, for example, hypercholesterolemia and/or ischaemic diseases 
associated with atheromatous vascular degeneration such as atherosclerosis. 

When used in the treatment of diseases and medical conditions such as those 
mentioned above it is envisaged that a compound of formula I, or a pharmaceutical ly 
acceptable salt thereof, will be administered orally, intravenously, or by some other medically 
acceptable route SO that a dose in the general range of, for example, 0.01 to 1 Omg per kg body 
weight is received. However it will be understood that the precise dose administered will 
necessarily vary according to the nature and severity of the disease, the age and sex of the 
patient being treated and the route of administration. 

In general, the compounds of formula I, or a pharmaceutically-acceptable salt thereof, 
will usually be administered in the form of a pharmaceutical composition, that is together with 
apharmaceutically-acceptable diluent or carrier, and such a composition is provided as a 
further feature of the present invention. 
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A pharmaceutical composition of the present invention may be presented in a variety 
of dosage forms. For example, it may be in the form of tablets, capsules, solutions or 
suspensions for oral administration, in the form of suppository for rectal administration; in the 
form of a sterile solution or suspension for parenteral administration such as by intravenous or 
5 intramuscular injection. 

A composition may be obtained by conventional procedures using pharmaceutical ly 
acceptable diluents and carriers wejl known in the art. Tablets and capsules for oral 
administration may conveniently be formed with a coating, such as an enteric coating (for 
example, one based on cellulose acetate phthalate), to minimise dissolution of the active 
1 0 ingredient of formula I t or a pharmaceutically-acceptable salt thereof, in the stomach or to 
mask unpleasant taste. 

The compounds of the present invention may, if desired, be administered together 
with (or sequentially to) one or more other pharmacological agents known to be useful in the 
treatment of cardiovascular disease, for example, together with agents such as HMG-CoA 
1 5 reductase inhibitors, bile acid sequestrants, other hypocholesterolaemic agents such as 
fibrates, for example gemfibrozil, and drugs for the treatment of coronary heart disease. 

The invention will now be illustrated by the following non-limiting Examples in 
which, unless otherwise stated;- 

(i) evaporations were carried out by rotary evaporation in vacuo; 
20 (ii) operations were carried out at room temperature, that is in the range 1 8-26°C; 

(iii) flash column chromatography or medium pressure liquid chromatography (MPLC) 
was performed on silica gel (Merck Kieselget Art.9385, obtained from E Merck, Darmstadt, 
Germany); 

(iv) yields are given for illustration only and are not necessarily the maximum attainable 
25 by diligent process development; 

(v) proton NMR spectra were normally determined at 200 MH2 using tetramethylsilane 
(TMS) as an internal standard, and are expressed as chemical shifts (delta values) obtained in 
DMSO-d A (unless stated otherwise) in parts per million relative to TMS using conventional 
abbreviations for designation of major peaks: s, singlet, m, multiple^ t, triplet; br, broad; d, 

30 doublet; 

(vi) all end-products were characterised by microanalysis, NMR and/or mass spectroscopy; 



Example 1 
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A stirred mixture of 1 -(4-bromophenylsulphonyl)piperidine-4-carboxylic acid 
(348mg) and thionyl chloride (2ml) was heated under reflux for 3 hours. The excess thionyl 
5 chloride was removed by evaporation and the residual solid azeotroped with toluene (2 x 
10ml). 

The acid chloride obtained was dissolved in dichloromethane (25mJ) and the solution , 
was added over 5 minutes to a stirred solution of 4-(4-pyridyl)pi P eridine (1 SOmg) and 
triethylamine (0.7ml) in dichloromethane (25ml) at 25°C. The mixture was stirred for 1 hour. 
10 The dichloromethane solution was washed with saturated sodium bicarbonate solution (2 x 
25ml) and saturated brine ( I x 25ml), dried and evaporated to give an oil. 

The oil was purified by chromatography on silica gel. Elution with a mixture of 
dicbloromethane/methanol/0.88 ammonia (130:3:1) gave a foam. Trituration with diethyl 
ether (20ml) gave, as a colourless solid, J-(4-bromophenylsulphonyl)-4-[4-(4- 
1 5 pyridyl)piperidin-l -ylcarbonyl]piperidine: mp 154-5°C; microanalysis, found: C, 53.3; H, 5.6; 
N, 8.6%; C 22 H26BrN 3 0 3 S requires: C, 53.7; H, 5.3; N, 8.5%; NMR (CDCI3): 1 .42-1 .64 (m, 
2H), 1.72-1.84(m, 2H), 1.84-2.02(m, 4H), 2.42-2.80(m, 5H), 3.70-3.80(m, 2H), 3.82-3.96(m, 
IH), 4.74-4.82(m, IH), 7.08(d, 2H), 7.60-7.70(m, 4H), 8.54(d, 2H); EI-MS m/z 492 (M+H). ' 
The starting acid was prepared as follows: 
20 A solution of 4-bromo P henyl sulphonyl chloride (53.76g) in dichloromethane (700ml) 

was added to a stirred solution of ethyl pipcridine^-carboxylate (32.97g) in dichloromethane 
(500ml) containing triethylamine (36ml) at 0°C and under argon over 0.75 hours. The 
reaction was stirred for 1 S hours. The reaction mixture was washed with water (2 x 500ml), 
saturated brine (1 x 500ml). dried and evaporated. The residual solid was triturated in 
25 isohexane (500ml) for 1 hour, collected by nitration and dried to give, as a colourless solid, 
ethyl l-(4-bromophenylsulphonyl)pi P eridine-4-carboxylate(79g); mp 132-3°C; NMR 
(CDC1 3 ): 1.21(t.3H), 1 .70-1 .90(m, 2H), 1 .90-2.05(m, 2H), 2.1 S~2.33(m, IH), 2.45-2.60(m 
2H), 3.53-3.67(m f 2H), 4. 1 0(q, 2H), 7.55-7.70(m, 4H); EI-MS m/z 376 (M+H). 

Sodium hydroxide solution (100ml at 40% w/v) was added to a stirred suspension of 
30 the above ester (78.0s) in ethanol (200ml)/wator (100ml). Water (100ml) was added and the 
reaction mixture heated to reflux and reflux maintained for 30 minutes. The reaction mixture 
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was cooled and Ihe crystalline sodium salt was collected. This sodium salt was suspended in 
water (350ml) and glacial acetic acid added lo adjust the pH of the solution to 5. The mixture 
was atirrcd for 1 hour and the colourless solid collected, washed with water and dried to give, 
as a colourless solid, 1 -(4-bromophenylsulphonyl)piperidine-4-carboxylic acid (68.4g): m.p. 
5 225-227°C; microanalysis, found: C, 41.0; H, 3.7; N, 3.9%; C, 2 H J4 BrN04S requires: C, 41 .4; 
H. 4.1; N 4.0%; NMR: 1.41-1.63<m, 2H), 1.73-1.93(m, 2H), 2.11-2.30(m, 1H), 2.44(t, 2H), 
3.28-3.60(m. 2H). 7.62(d, 211). 7.89(d. 2H). 

Example 2 

10 

4-(4-Pyridyl)piperidine (170mg) was added to a stirred solution of M4- 
nitrophenoxycarbonyl)-4-(4-bromophenylsulphonyl)piperazine (470mg) in 
dimethylformamide (10ml) at 25*C under an argon atmosphere. The reaction mixture was 
heated to 100-105°C for 18 hours. After cooling, water (55ml) was added and the aqueous 
1 5 phase was extracted with ethyl acetate (3 x 30ml). The combined organic phases were washed 
with 1M sodium hydroxide (3 x 15ml), water (3 x 20ml) and saturated brine (1 x 40ml), dried 
and evaporated to give a solid. 

The solid was purified by chromatography on silica gel. Elutjon with a mixture of 
dichloromcthane/methanol/0.88 ammonia (1 30:3 : J ) gave, as a colourless solid, l-(4- 
20 bromophe n yl S ulphonyl)-4-(4^pyridyl)pipcridin-J -ylcarbonyl)pipera2inc (21 Img): rap 202- 
203 °C; microanalysis, found: C, 5 J . 1 ; H, 4.7; H, 1 1 .4%; C 2 ,H 25 BrN 4 0 3 S requires: C, 51 .2; H, 
5.1; N. 11.6%; NMR (CDCI3): 1.55-1.77(m, 2H), I.80-1.92(m, 2H), 2.59-2.72(m, 1H), 2.80- 
2.92(t.d, 2H). 3.04(t, 4H). 3.38(t. 4H), 3.78(bd, 2H), 7.10(d, 2H), 7.6l(d, 2H), 7.70(d, 2H), 
8.55(d, 1 H); MS: m/y. 493 (M+H). 
25 The starting piperazine derivative was prepared as follows: 

4-Nitrophenyl chloroformatc (1.005g) was added to a stirred solution of 4- 
bromophenylsulphonylpiperazine (1.52g) and triethylamine (1.1ml) in dichloromethane 
(75ml) at 0°C. The resulting solution was stirred at 0°C for 2 hours and then at 25°C for 1 6 
hours. The organic phase was washed with I M sodium hydroxide solution (3 x 1 5ml) and 
30 saturated brine (3 x 20ml), dried and evaporated to give a foam. 



-22- 



Thc foam was purified by chromatography or. silica gel. Elution with 
dichloromethane gave, as a colourless solid, 1 -(4-nitrophenyloxycarbonyl)-4-(4- 
bromophenylsulphonyl)piperazine (873mg): NMR (CDC1 3 ): 3.10(t, 4H), 3.63-3.82(bd, 4H). 
7.21(d ? 2H), 7.6 l(d, 2H), 7.7 l(d, 2H), 8.22(d, 2H); EI-MS m/z 469 (M+), 

5 

Example 3 

4-Chlorophenyl$ulphooyl chloride (425mg) in dichloromethane (1 5mL) was added ' 
dropwise over 5 minutes to a stirred solution of I- r 4-(4-pyridyl)-l-piperidin-l- 
yJcarbonyl]piperazine (548mg) and triethylamine (0.45mL) in dichloromethane (lOmL) at 

10 20°C. The mixture stirred for 1 hour and the organic phase was washed with water, saturated 
brine solution, dried and evaporated. The residue was crystallised from ethyl acetate to give, 
as a cream-coloured solid. l-(4-chlorophenylsulphonyl)-4-[4-(4-pyridyl)piperidin-l- 
ylcarbonyl]piperazine (649mg): m .p. 234-235°: microanalysis: found C, 56.0; H, 5.8; N. 12.8; 
S 7.2%: C21H25N4CIO3S rcquircs:C, 56.1; H, 5.6; H, 12.5, S 7.2%: NMR (CDCI3): 1.52- 

15 1.7(m, 2H), 1 .78-1.88(m, 2H), 2.58-2.72(m, 1H), 2.79-2.93(td,2h), 3.02(t, 4H), 3.38(t, 4H), 
3.78(d, 2H), 7.0S(d, 2H), 7.48(d, 2H), 7.65(d, 2H), 8.52(d, 2H); EI-MS m/z 449(M+H). 

The starting materials for the above compound were prepared as follows: 

A mixture of 4,4'-bipyridyl (20g) in water (330mL) was hydrogenated at 5 
atmospheres pressure and at 50°C over 5% Rh-C catalyst (5.0g). 

20 The uptake of hydrogen gas was continued until the thermatical amount of hydrogen 

had been absorbed. After cooling, the catalyst was removed by filtration through celitc. The 
water was evaporated and the residue azeotroped with toluene (2 x lOOmL). The residue was 
purified by chromatography on neutral alumina using a mixture of dichloromethane-methanol 
(98:2) as elucnt to give, as a cream-coloured solid, 4-(4-pyridyl)piperazine (11. 4g): m.p. 82- 

25 84°C: NMR (CDCI3); 1 .57-1 .70(qd, 2H), 1 .82(m, 2h), 2.53-2.63(ttt, 1H), 2.68-2.80 (td, 2H), 
3.20 (d, 2H), 7.12(d, 211), S.52(d, 2W); EI-MS m/z 163 (M+H). 

4-(4-Pyridyl)piperidine (2.44g) was added to a stirred suspension of 1-t- 
butoxycarbonyl-4-(4-nitrophenoxycarbonyl)piperazine (5.26g) in dimcthylformamide (90mL) 
at 25°C. The reaction mixture was heated at 1 05°C for ) 8 hours. The dimethylformamide 
30 was evaporated and water (500rnL) added. The aqueous phase was extracted with ethyl 
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acetate. The organic phase was washed with IM sodium hydroxide solution (5 x lOOmL) and 
saturated brine (2 x lOOmL), dried and evaporated. The residue was purified by 
chromatography on silica gel using a mixture of dichloromethane: methanol: 0.88 ammonia 
(94:5:1) as eluem to give a yellow oil. Trituration with ether gave, as a pale yellow solid, 1-t- 
5 butoxycarbonyl-4.[4>(4-pyridyl).l-piperidylcarbonyJ]piperazbe (2.62g); mp 143-4«C; NMR 
(CDC1 3 ) 1.44(s, OH), 1.58-1.78( m , 2H), 1.78-1.92(d, 2H), 2.60-2.75(m, 1H), 2.80-2.96 (m, 
2H), 3.92-3.25(t, 4H), 3.38-3.50(m, 4H), 3.82(d, 2H), 7.10(d, 2H), 8.51(d, 2H); EI-MS m/z 
375(M+H). 

1 -r4-f4-pvridvhpi peridin-l -vicarbonynpiperayine 

10 TrifJuoroacetic acid (6mL) was added slowly a solution of the above t-butoxycarbonyl 

derivative (2.62g) in dichloromethane (20mL) at 20°C. The reaction mixture was stirred for 5 
hours at 20°C. The excess trifluoroacetic acid and solvent were evaporated. The residue was 
treated with saturated brine solution (25mL) and 5M sodium hydroxide solution added to 
P H12 . The aqueous phase w as extracted with dichloromethane (6 x 30mL). The combined 

1 5 organic phases were washed with saturated brine (2 x 25mL), dried and evaporated to give, as 
a yellow solid, 1 -[4-(4-py.ridyl)- 1 -piperidylcarbonyljpiperazme 91 .90g); m.p. 116-11 7*C; 
NMR (CDClj) 1.60-1.79(m. 2H), 1.80-1. 94(m, 2H0, 2.58-2.76(m, 1H), 2.80-2.98(m, 6H), 
3.17-3.28(t,4H), 3.75-3.84(d, 2H), 7.10(d. 2H), 8.5.l(dd. 2H). 

20 Example 4 

A solution of 4-trifluoromcthylphenylsulphonyl chloride (394 mg) in methylene 
chloride (4 ml) was added dropwise over 15 minutes to a mixture of 1 -(4-piperidinylmethyl)- 
4-<4-pyridyl)pi P eridin e hydrochloride (550 mg) and tricthylamine (1.07 ml) in 
dichloromethane ( 1 0 ml) at 0°C. The solution was stirred at ambient temperature for 1 8 
25 hours. The solution was diluted with dichloromethane and washed with water, dried (Na 2 SO<) 
and evaporated. The residue was purified by chromatography eluting with 2 % methanol in 
dichloromelhane. RecrystaJlisation from ethyl acetate/hexane gave, as a solid 1.(1.(4- 

trifluoromethyl P henyl S ulphonyl)-(4-p,pcridinylm C thyl)]-4-(4- py ridyl)piperidin e (395 m e ): 
NMR (CDCI,): 1 .30 (m, 2H), 1 .45 (m, 1 H). 1 .80 (m, 6H), 2.00 (dt, 2H), 2.20 (d, 2M), 2.30 (dt, 
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2H), 2.40 (m, 1H), 2.90 (d, 2H), 3.80 (d, 2H), 7.10 (d, 2H), 7.80 (d, 2H>, 7.90 (d. 2H) and 8.50 
(d, 2H); m/z468 (M+l). 

The starting material was prepared as follows: 



To a solution of N-tert-butoxycarbonyl isonipecotic acid (7.20 g) and N.O- 
dimethylhydroxylamine hydrochloride (3.6S 8 ) in dichloromethane (100 ml) was added l-(3, 
dimethylaminoprcpyl)-3-ethylcarbodiimide hydrochloride (7.23 g), N-hydroxybenzoirjazole 
(5.10 g) and triethylaminc (10.52 ml). The resulting solution was stirred at ambient 
10 temperature for 18 hours. The solution was diluted with dichloromethane and washed with 
water, 2M aqueous citric acid solution, saturated aqueous sodium.bicarbonate solution, dried 
(Na 2 SO<) and evaporated to give 1 -(tert-butoxycarbony l)~4-( N.O-dimethylhydroxylamino 
carbonyOpiperidine (8.01 g) as an oil: NMR (CDC1,): 1.40 ( S , 911), 1.70 (ni, 4H), 2.80 (rn, 
3H), 3.20 (s, 3H), 3.70 (s. 3H), 4.20 (m, 2H); m/z 273 (M+l). 

15 

To a solution of l-Ctert-butoxycarbonylH^N.O-dimethylhydroxylamino carbonyl)piperidinc 
(8.00 g) in tetrahydrofuran (150 ml) at 0°C was added lithium aluminium hydride (1 .23 g) 
portionwise over 5 minutes. The resulting suspension was stirred at 0°C for 3 hours and then 
water (I m l), 2M aqueous sodium hydroxide solution (1 ml) and water (4 ml) were added and 
20 the suspension filtered through eclite. The filter cake was washed with dichloromethane and 
the combined organic extracts evaporated to give 1 -(tcrt-bat OX ycarbonyl>4- 
(formyl)pipcridine (7.04 g) as an oil: NMR (CDCl 3 ): 1.40 (s,9H), 1.60 (m, 2H), 2.40 (m, 1H) 
2.90 (m, 2H), 3.40 (d. Ill), 4.00 (m. 3H), 9.70 (s, 1H). 

25 To a solution of 1 -(tert-butoxycarbon y l)-4-(formyl)pi per idine (2.59 g) and 4-(4- 
pyridyl)piperidine (1 .97 g) in methanol/acetic acid (99: 1 ) (50 ml) was added sodium 
cyanoborohydride (2.29 g) portionwise over 30 minutes and the resultant suspension stirred at 
amb.ent temperature for 3 hours. The suspension was quenched by addition of saturated 
aqueous sodium bicarbonate and the resulting mixture extracted with ethyl acetate The 

30 organic phase was dried (Na 2 S0 4 ) and evaporated. The residue was purified by 
chromatography eluting with 5 % methanol in dichloromethane to give l-[l-tert- 
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butoxycarbonyI(4-piperidinylmethyO]-4-(4-pyriclyI)piperidine (1 .65 g) as a solid: NMR 
(CDC1 3 ): 1 .1 0 (m, 2H), 1 .40 (s, 9H), 1 .75 (m, 7H), 2.00 (dt, 2H), 2.20 (d, 2H), 2.45 ( m , 1 H), 
2.70 (m. 2H). 3.00 (d, 2H), 4. 1 0 (m, 2H), 7.20 (d, 2H), 8.50 (d, 2H); m/z 360 (M+l ). 

5 Ethyl acetate saturated with gaseous HC1 (50 ml) was added to a solution of 1-[1 -tert- 

but 0 xycarbonyl(4-piperidi n ylmcth y l)]-4-(4-pyridyl)piperidinc (1 .65 g) in ethyl acetate (1 5 ml) 
and the resulting suspension stirred at ambient temperature for 2 hours. Solvent was 
evaporated to give l-(4-piperidinylmethyl)^.(4-pyridyl)p.i per idine hydrochloride (1 .70 g) as a 
yellow hygroscopic foam: NMR (d6-DMSO): 1.40 (m, 2H), 2.00 (m, 4H), 2.20 (m, IH), 2.40 
10 (m, 1H), 2.80 (m, 2H), 3.00 (m, 4H), 3.20 (m, 4H), 3.60 (d, 2H). 7.85 (d. 2H). 8.80 (d, 2H) ; 
m/z260(M+l). 



Example 5 

Illustrative pharmaceutical dosage forms suitable for presenting the compounds of the 
1 5 invention for therapeutic or prophylactic use include the following tablet and capsule 

formulations, which may be obtained by conventional procedures well known in the art of 
pharmacy and are suitable for therapeutic or prophylactic use in humans: 
(a) Tablet I 



Compound Z* 
20 Lactose Ph. Eur. 

Croscarmellose sodium 

Maize starch paste (5% w/v aqueous paste) 
Magnesium Stearatc 



me/tablct 
1.0 

93.25 
4.0 
0.75 
1.0 



25 (b) Tablet TI 

Compound 2* 

Lactose Ph. Eur 

Croscarmellose sodium 

Maize starch 
30 Polyvinylpyrrolidone (5% w/v aqueous paste) 



mg/tablct 
50 

223.75 
6.0 
15.0 
2.25 
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Magnesium stcarate 3 q 

(c) Tablet lij 
Compound Z* 
Lactose Ph. Eur. 

5 Croscarmellose sodium I20 
Maize starch paste (5°/o w/v aqueous paste) 2.25 
Magnesium stearate 



(d) Capsule 
10 Compound Z* 
Lactose Ph. Eur. 
Magnesium stearate 



Note 
15 * 



mg/tablet 
100 
182.75 



3.0 

mg/capsule 
10 

488,5 
1.5 



or a 



The active ingredient Compound Z is a compound of formula I or la, 
Pharmaceutically^acceptable salt thereof, for example a compound of formula I described in 
any of the preceeding Examples. 

The tablet compositions (a) - (c) may be enteric coated by conventional means, for example, 
with cellulose acetate phthalate. 



20 
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Claims 



1 . A compound of formula I, or a pharmaceutically-acccptablc salt thereof, wherein: 
5 G is selected from CH and N; 

T, is selected from N and CR. wherein R may be hydrogen, (l-4C)alkyl, (2-4C)alkenyl and 
(2-4C)alkynyl; 

R, is hydrogen, amino, halogeno, cyano, nitro, carboxy. (l-6C)alkanoyl, (l-6C)alkyl, 
(l-6C)alkoxy, N-(l-6C)alkylamino, N,N-di-[(|-6C)alkyl]amino, (l-6C)alkylthio, 
10 (l-6C)alkylsuIphihy] and (l-6C)alkylsulphonyl; 
m is 1 or 2; 

A is selected from 0-4C)alkylcnc, carbonyl or (l-4C)alkylcarbonyl; 
T 2 is selected from CH and N; 

T s is selected from N and CR, wherein R is as defined above; provided that when T 2 is CH 
1 5 then T 3 is not CR and when T, is CR then T 3 is not CR; 
a and b are independently selected from 2 and 3; 
c and d are independently selected from 1 and 2; 
wherein the ring containing T, and the ring containing T 2 may, independently, be optionally 
substituted by one or more substitutes selected from (1 -6C)alkyl, ( 1 -6C)alkoxy, phenyl( 1- 
20 4C)alkyl. halogeno and (1 -6C)alkoxycarbonyh 

X is selected from oxy, thio, sulphonyl, sulphonyl, carbonyl, carbonylamino, N-(] - 
6C)alkylcarbonylamino, sulphonylamino, methylene, (] -4C)alkymethylene and di-(l- 
6C)alkylmethyl e nc, and when T 2 i s CH, X may also be selected from aminosulphony] and 
oxycarbonyl; 

25 Q is selected from (5-7C)cycloalkyl, a heterocyclic moiety containing up to 4 

heteroatoms selected from nitrogen, oxygen and sulphur; phenyl, naphthyl, phenyl(l ~4C)alky I 
and P henyl(2-6C)alkenyl J and wherein the Jast three groups may optionally bear a phenyl 
substituent; 

and wherein Q may be unsubstiruted or may bear one or more substituents selected from 
30 halogeno, hydroxy, amino, nitro, cyano, carboxy, carbamoyl, (l-6C)alkyl, (2-6C)alkenyl, (2- 
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6C)alkynyl, (l-6C)alkoxy, (3-6C)cyc!oalkyl, (3-6C)cydoaikyi(i-4C)alkyl, (1- 
4C)alkyle„cdiox y> (1 -6C) a lkylamino, di-[( 1 -6C)alkyl]amino, N-(l -6C)alkyIcarbamoyl, di-N- 
(0-6C)alkyl]carbamoyJ, CI-6C)alkanoylamino, <J-6C) a Ikoxycarbonyl, ( 1 -tfQalkylthio, (1- 
6C)alkylsuIphinyI. (l-6C)alkyi S ulpho ny l, h a iog«no(l-6C)alkyl, (l-eQalkanoyl, tetrazolyl and 
5 a hctcroary) group comprising a 5- or 6- membered monocyclic ring containing up to three 
heteroatoms selected from nitrogen, oxygen and sulphur. 



2. A compound of formula I, or a pharmaceutically-acceptable salt thereof, as claimed in 
claim 1 wherein X is sulphonyl. 

0 



3. A compound of formula I, or a pharmaceuticaliy-acceptable salt thereof, as claimed 
claim 1 wherein X i s sulphonyl in either claim 1 or 2, wherein a, b, c and d are all 2. 



in 



4. A compound of formula I, or a pharmaceutically-acccptable salt thereof, as claimed i. 
i claim 1 wherein X is sulphonyl in claim 3. wherein A is carbonyl. 



5. A compound of formula I, or a pharmaceutically-acceptable salt thereof, as claimed in 
claim , wherein X is sulphonyl in claim j , wherein the heterocyclic rings containing T, and 
T 2 are unsubstituted. 



6- A compound of formula I, or a pharmaceutically-acceptable salt thereof, as claimed in 
claim I wherein X is sulphonyl claimed in any claim from 1 to 5 wherein T, is N, T, is N, T 3 
is N and Q is naphthyl. 



7. A compound of formula I, or a pharmaceutically-acceptable salt thereof, as claimed in 
claim 1 wherein X is sulphonyl claimed in any claims from 1 to 6 for use as a medicament. 
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8. Use of a compound of formula or a phannaceu„cah>acceptablc sal, .hereof for the 
manufacture of « medicament for inhibiting, cholesterol biosynthesis. 

* A pharmaceutical composition comprising a compound of formula I or a 
5 pharmaccuticany-accc ptable sal, thereof, and a ph^tica^-acccp^e'di,^, or carrier 
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